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摘  要 
对环三藜芦烃的研究始于 1915 年，Robinson 报道了酸催化聚合藜芦醇的反










基于此，本论文的研究工作即从 CTV 的合成、应用着手。 
本论文的研究基于 CTV 的合成和应用两方面的内容。探索更为合理的合成


























































Supramolecular Assembly and Ion Recognition Based on 
CTV Drivatives 
CTV was first synthesized via the acid-catalyzed condensation of veratryl 
alcohol by Mrs. Robinson in 1915. This structure lasted for some 50 years until 1963 
when Lindsey published the now generally accepted trimer formula 
(hexamethoxytribenzocyclononene) for the compound and also proposed the crown 
structure and coined its colloquial name, cyclotriveratrylene. Lindsey’s structure was 
soon confirmed by X-ray measurements, NMR spectroscopy, and mass spectrometry. 
New chemistry of macrocycles CTV includes the applications of host-guest chemistry 
such as binding with fullerenes, carboranes and has approached the field of ion 
recognition and sensing. More recently, CTV has shown unique functions and 
potention applications in biosensors, liquid crystals, and piezoelectric materials. CTV, 
which has intrinsic rigid cavity, is able to form both supramolecular 
organo-assemblies and metallo-assemblies. New supramolecular hosts of CTV could 
be designed by introducing fucntional groups in the periphery of CTV. However, there 
are few examples on gels among the supramolecular assembies. Meanwhile, CTV 
based recognition and sensing is in its infancy. From these standpoints, we mainly 
focus on syntheses and applications of CTV derivatives. 
This research covers two aspects of CTV chemistry, syntheses and applications. 
It is critical to discover more rational synthesis routes to CTVs, which is the 
fundamental prerequisite to promote the research of CTV. On the other hand, many 
efforts are made on the construction of novel supramolecular assemblies and ion 
sensing systems due to the unique bowlic structure of the CTV backbone. 
The thesis consists of four chapters: 















aspects of CTV chemistry including syntheses, host-guest chemistry, applications in 
soft materials, and supramolecular chemistry. The objectives of this thesis were 
proposed. 
Chapter 2 describes syntheses and characterization of the CTV derivatives. 
Although CTV functionalized with long alkyl group was hardly synthesized, CTV-U 
attached by undecanol was obtained, which was shown to be of liquid crystalline 
nature at room temperature. Another similar CTV derivative CTIn was also reported 
as a macrocylic compound, and stable in the form of saddle conformation in the 
solution. 
In Chapter 3, rigid cavitand CTV molecules, that have been shown in limited 
cases to form organogels, were employed to create supramolecular hydrogelators by 
introducing -CO2H and -NH2 terminal groups that can be deprotonated and protonated 
in aqueous solutions, respectively. Liquid-crystalline supramolecular hydrogels were 
obtained. Reversible gel-to-sol and sol-to-gel transtions can be performed with the 
obtained CTV-1 and CTV-2 hydrogels via varying pH. CTV-1 and CTV-2 hydrogels 
were shown to be capable of adsorbing toxic organic pollutants such as toluene and 
cholorobenzene from water. The success in creating CTV-1 and CTV-2 hydrogelators 
on the basis of the CTV skelecton supports the assumption that designing of 
hydrogelators with a subtle balance between hydrophilicity and hydrophobilicity of 
ionic and hydrophobic moieties is critical. 
In Chapter 4, two neutral receptors, CTV-based thioureas CTV-2-TU and 
CTV-3-TU are described. CTV-TU bears bowlic-like cavity which could supply the 
cationic binding sites through three aryl rings and anionic binding sites by thiourea 
substituents. The two receptors strongly bind anions in acetonitrile. With 
N-amidothiourea CTV-2-TU, anion binding could lead to significant changes in the 
absorption spectra of the receptor due to the occurrence of the CT (charge transfer). 
Meanwhile, 
1
H NMR provides the evidence for the hydrogen bonding interaction 















and sensing of appropriate ion pairs in situ formed in the polar solvent. New 
heteroditopic capsules were constructed based on the hydrogen bond. We proposed 
that these systems were formed by different interactions involving hydrogen bond 
between thiourea moiety and anion, electrostatic interaction between cations and 
anions, and/or cation-/CH-fromcation and the electronegative cavity of CTV-TU. 
This study opens a new entry of extending ion-pairing recognition model of the 
thiourea-based receptors. 
Keywords 
CTV, Liquid crystal, Gel, Supramolecular assembly, Nuetral receptor, Thiourea, Ion 

















1967 年 Pederson 等首次发现了冠醚，这可以说是在人工合成的分子中第一








Figure 1.1 (a) Crown ether (18-crown-6) coordinating a potassium ion. (b) Crystal 
structure of a nitrobenzene bound within a hemicarcerand reported by Cram and 
coworkers. (c) A circular helical assembly reported by Jean-Marie Lehn and 









































(Figure 1.2)。然而相对于其他芳烃，CTV 的研究仍相对较少。 
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 3 
CTV 是一类由藜芦醚和甲醛聚合而成的环状化合物。Robbision 早在 1915
年曾报道了通过酸催化藜芦醚或藜芦醇与甲醇的聚合反应，并认为得到的化合物
为藜芦醚二聚体化合物(veratryl dimer) [13]。1952 年，Oliverio 和 Casinovi 重新
鉴定了 Robbision 得到化合物，推测其可能为六聚体结构[14]。Lindsey 于 1963
年才确定了化合物的三聚体分子式，推测其为冠状结构(crown structure)，并将其
命名为目前被人们广泛接受的俗名: Cyclotriveratrylene [15]。Lindsey 的分子结构




Figure 1.3 Synthesis of cyclotriveratrylene by trimerization of 3,4-disubstituted 
benzyl cations. 
环三聚藜芦烃的一般合成如 Figure 1.3 所示。3,4-取代苯甲醇在酸性条件下
聚合环化形成相应的化合物。Figure 1.3 中，3,4-取代苯甲醇的芳环 6 位必须被活
化以利于亲电反应的发生，而这在一定程度上要求 3 位的取代基 R1 要有一定的
给电子能力。文献中报道的关于 3,4-取代苯甲醇衍生物环化反应的实验数据列于
Table 1 中[17]。当然，取代基对三聚环化反应的这种影响并不总是可以完全预测
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物 2；取代基 R2 换为烯丙基时，却可以得到产率为 55%的 8。但是芳环 3 位取代





另外，当 CTV 外围取代基含有杂原子(如 N, Br, S 等)时，通过环化反应却能
够得到可观的产率(产物 10-14)。通过对 Table 1 中三聚体产物 CTV 进行官能团
转化，得到了具有合成应用价值的“第二代”衍生化 CTV 产物，列于 Table 1.2
中，其中得到的一些产物具有光学活性，相应地列出了旋光度和绝对构象
(absolute configurations)。 
Table 1.1 Cyclotriveratrylenes obtained by trimerization of 
3,4-disubstituted benzyl alcohols 
R1 R2 Product No. Yield / % 
OCH3 OCH3 1 70 
OCH3 OH 2 0 
OCH3 OC2H5 5 51 
OCH3 OCH2COOH 6 45 
OCH2COOH OCH3 6 42 
OCH3 OCH2CH2OCH2CO2H 7 40 
OCH3 OCH2CH=CH2 8 55 
OC2H5 OCH2CH=CH2 9 15 
OCH3 Br 10 25-40 
Br OCH3 10 0 
OCH3 H 11 6.5 
OCH3 NHCOCH3 12 90 
OCH3 NHCOCH2Cl 13 95 
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